Newcastle disease (ND) remains an important enzootic disease in chickens in several parts of the world. With the increasing reports of virulence and genetic diversity of the causative agent; Newcastle disease virus (NDV), there is a need to identify the circulating NDV in specific regions. In Oman, to this moment, such information is still lacking. The aim of this study was to isolate and characterize the NDV from ND outbreaks from commercial farms in Oman. Following suspected outbreaks of ND in three commercial farms in 2017, a total of 30 carcasses (10 from each flock) of adult chickens were subjected to necropsy for gross and histopathological examination, virus isolation and molecular methods. Specifically, haemagglutination inhibition (HI) test and reverse transcription-polymerase chain reaction (RT-PCR) assay were used for the virus detection and confirmation, respectively. Lesions were suggestive of viscerotropic velogenic form of ND based on gross and histopathological examinations. Isolation of NDV was present in 4 cases and further confirmed by RT-PCR following the target of the partial fusion protein gene of the viral genome. The sequence of the partial fusion gene was determined and phylogenetic tree was constructed based on the partial length F gene of 4 Omani isolates and 65 previously published NDVs. The findings predicted that the Omani isolates had high homology (99%) with the isolate from Pakistan belonging to genotype VII. Subsequently, the isolated pathotype was identified as the virulent NDV. This study serves as a basic work for further research on the analysis and phenotyping of NDV in the Sultanate of Oman. Improved monitoring and surveillance of the disease is important for proper preventive measures.
Introduction
Newcastle disease is regarded as a major production limiting disease in poultry farming. The disease is a well-known cause of high mortality resulting in huge economic loss in the poultry industry [1, 2] . The disease is caused by the virulent forms of the avian Paramyxovirus 1 (APMV-1) also referred to as Newcastle disease virus (NDV) [1] . The causative agent belongs to the genus Avulavirus of the family Paramyxoviridae and order Mononegavirales [3] . Host and strain variations were reported to effect the severity of the produced disease [4] . Based on the virulence and clinical manifestations, the viruses can be categorized into various pathotypes; viscerotropic velogenic, neurotropic velogenic, mesogenic, lentogenic, and asymptomatic enteric forms [5] . Accordingly, high mortality reaching 100% (per acute disease) results from the virulent strains of NDV [6] , while the mesogenic or lentogenic strains might induce severe respiratory disease in immunocompromised birds [7] .
NDV is a negative-sense, single-stranded RNA virus with a genome length of about 15.2 kb [8] . The NDV genome contains six genes that encode six proteins which include the nucleocapsid protein, fusion protein, matrix protein, phosphoprotein, hemagglutinin-neuraminidase, large RNA-dependent polymerase protein [9] . To predict the virulence and tissue tropism of the virus, the amino-acid composition of the F protein cleavage site is vital [10] . In addition, the HN protein length is applied in grouping the virus into avirulent and virulent strains. For instance, the HN protein lengths of 571 amino acids were reported in virulent strains [11] , whereas about 616 amino acids were observed in lentogenic strains [12] . Other techniques employed for the same purpose include mean death time (MDT) and intra-cerebral pathogenicity index (ICPI) test using 9-to 11-day-old SPF, embryonated chicken eggs and 1-day-old SPF chickens, respectively [13] .
Overall, the detection and pathotyping of NDV from avian isolates is crucial for better understanding of the epizootiology of the disease. This is even more important with the recent reports of increasing genetic diversity of the virus and its widespread distribution in non-poultry avian species and wild birds [14, 15] .
In Oman, vaccination of birds against ND is little practiced in backyard flocks and recent studies depicted high seroprevalence of NDV in chickens [16, 17] . Additionally, outbreaks of the disease have been reported even in vaccinated commercial flocks [17] . To this moment, the strains of NDV responsible for the outbreaks remain unknown in the country. Particularly, molecular investigation of the sub genotype of NDVs and the analysis of the relationship of Oman's NDVs with other isolates from different parts of the world are not available. Therefore, this study was aimed at isolating and characterizing the NDV from outbreaks in commercial flocks in the Sultanate of Oman.
Material and methods

Study design
The study was carried out in the Sultanate of Oman located on the west coast of Gulf of Oman. The samples were collected from three commercial poultry farms located in Adakhilah and Albatinah, following the outbreaks of ND. Characteristics of the sampled farms and the signalment following the ND outbreaks are shown in Table 1 . Samples of infected and dead birds were collected as well as documentation of parameters such as flock size, age, breed, clinical signs, morbidity and mortality during the postmortem examination was done. As such, detailed necropsy was conducted for all of the sampled dead birds. The weight of the sampled birds ranged from 400 to 850 g. Infected tissues such as intestine, proventriculus, trachea, spleen, and lungs were collected after post-mortem examination. Thereafter, the samples were placed in ice packs, transported to the laboratory, and stored at −25°C for further analysis. The samples were submitted to Animal health Research Center, Oman. Approval for the study was obtained from the Department of Animal Health, Ministry of Agriculture, Oman.
Virus isolation
Virus isolation was carried out as outlined by OIE [18] . Healthy eggs were collected from chickens that were sero-negative for ND. The sampled tissues were homogenized as a 10% (w/v) suspension in phosphate buffer saline (PBS) containing streptomycin and penicillin at 2 mg/mL and 2000 IU/mL, respectively. The suspension was clarified by centrifugation at 2000 rpm for 15 min. Thereafter, the allantoic cavity of the embryonated chicken eggs (9-to 11-day-old) was inoculated with 0.1 mL of the supernatant and incubated at 37°C for 6 days. Candling of the eggs was done twice daily and the dead embryos were chilled overnight at 4°C. The allantoic fluid was collected from the live and dead embryos. Detection of the virus was conducted by the slide haemagglutination test using chicken red blood cells (1%) and by RT-PCR assay.
Isolation of viral RNA, RT-PCR amplification and phylogenetic analysis
The viral RNA was extracted from the allantoic fluid by using the TRIzol LS reagent (Invitrogen, USA) following the manufacturer's instructions. The reaction mixture comprised of 150 μL of allantoic fluid, 570 μL of VNE Buffer, 570 μL of ethanol, 500 μL Wash Buffer 1 and 750 μL of wash buffer. Each RNA sample was dissolved in 40 μL sterile RNAse-free water and stored at −70°C. The same extracted RNA was used as template for RT-PCR amplification. The major steps carried out in RT-PCR for DNA amplification included synthesis of the complementary DNA (cDNA) by using the reverse transcription enzyme (48°C for 30 min). This was followed by an initial denaturation (94°C for 2 min), denaturation of 40 cycles (94°C at 15 s), annealing (52°C for 30 s), and extension (68°C for 60 s). For the positive and negative controls, the viral RNA was extracted from a live ND vaccine and nontemplate control (water), respectively. Specific primer sequences used for the RT-PCR and amplification of the partial fusion gene comprises of 5′-GCAGCTGCAGGGATTGTGGT-3′ (forward) and 5′-TCTTTGAGCAGG AGGATGTTG-3′ (reverse) [19] . The RT-PCR reaction was set up in a total volume of 50 µL per reaction comprised of 5.0 μL 10 × buffer, 2.0 μL 25 mM MgCl2, 2.0 μL 10 mM dNTP, 0.2 μL Taq, and 0.8 μL NDV-F. RT-PCR products were resolved in an agarose gel (1.5%) containing ethidium bromide and visualized under UV light.
Nucleotide sequence of the PCR products was determined using the forward and reverse primers. The raw data sequence was assessed using Basic Local Alignment Search Tool (BLAST) and compared to other sequences in the GenBank NCBI [20] . To investigate the evolutionary associations, the fusion protein gene of the NDV isolates was compared to 65 nucleotide sequences reported from other studies (Supplementary Table 1 ). Using the ClutalW multiple alignment technique (MEGA 7 software), sequence and phylogenic analysis of the partial F and HN genes were conducted as described by Miller et al. [21] . Construction of the phylogenetic tree was done by applying the maximum likelihood method whereas the criteria described by Diel et al. [22] were used in classifying the isolated viruses.
Supplementary data associated with this article can be found, in the online version, at https://doi.org/10.1016/j.ijvsm.2018.08.007.
Results
In this study we focused on the isolation and characterization of the viruses from suspected ND outbreaks in three commercial poultry farms in Oman in 2017. This was based on both field virus isolation and characterization at molecular level. The mortality in infected chickens ranged from 14 to 63% following the onset of the clinical disease (Table 1) . Necropsy examination revealed tracheitis with petechial hemorrhage in the proventriculus as well as splenic congestion. Using the allantoic route, nine-day-old embryonated SPF chicken eggs were inoculated with the suspension obtained from the pooled samples of the internal organs (lung, spleen, trachea, and brain) from the samples positive for NDV specific HI test. Based on the application of RT-PCR for viral isolation, all the four samples were confirmed as NDV.
Results revealed 356 bp products following the amplification of the partial fusion protein gene using RT-PCR. Excluding the genotype XV, all the sequences from all existing genotypes (I to XVII) were used to build the general tree to identify the genotype of the newly studied sequences. Phylogeny analysis of partial sequences of the selected strains partial fusion gene showed that the isolated viruses (OM ND 2/ chicken/Oman/2017, OM ND 4/chicken/Oman/2017, OM ND 5F/ Chicken/Oman/2017, and OM ND 6F/Chicken/Oman/2017) belonged Note: gm = grams.
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to the genotype VII (Fig. 1) . The isolated viruses displayed an average distance per site which was less than 10% (0.1) (Supplementary Table 2 ). Calculation of the mean intra-genotype genetic diversity using the mean genetic distance per site was less than 3% at the recommended bootstrap values (< 60). The amino acids sequences of the fusion protein proteolytic cleavage site motifs (residues 112-117) were identical in the entire isolated virus. Following the multiple sequence alignment, our NDV isolates revealed about 99% phylogenetic similarity to the Pakistan isolate based on the nucleotide and amino acids identities.
Discussion
Detection and pathotyping of NDV is vital in understanding the Fig. 1 . Molecular phylogenetic analysis by Maximum Likelihood method of Omani NDV isolates (red circle). The tree with the highest log likelihood (-1903.18 ) is shown. Initial tree(s) for the heuristic search were obtained automatically by applying Neighbor-Join and BioNJ algorithms to a matrix of pairwise distances estimated using the Maximum Composite Likelihood (MCL) approach, and then selecting the topology with superior log likelihood value. The tree is drawn to scale, with branch lengths measured in the number of substitutions per site. The analysis involved 65 nucleotide sequences. Codon positions included were 1st + 2nd + 3rd + Noncoding. All positions containing gaps and missing data were eliminated. There were a total of 221 positions in the final dataset.
epizootiology of the virus in any region. This is more important with the growing need for the evaluation of the efficacy of existing ND vaccines [5] . In Oman, ND has been identified as a major cause of setbacks in the poultry industry [16, 17] . In this study, we were able to isolate and characterize the NDV responsible for the outbreaks recorded in three large commercial flocks in Oman. Isolation of the virus was achieved by inoculation of the suspension obtained from the specific organs of the affected birds into embryonated eggs of SPF chicken (9-11 day old). Also, clinical samples were positive for NDV following the use of RT-PCR. This technique has been used by other authors for the same purpose [12] . The isolates in this study induced embryonic death within 60 h post-inoculation, thus depicting the virulent nature of the virus. There were variable mortalities (12-63%) amongst the investigated broiler chickens. Also, there were NDV infection lesions such as tracheitis and proventriculus haemorrhage which are characteristic features of velogenic NDV [2, 13] .
Based on the F protein phylogeny, the isolated viruses in this study were all related to the velogenic NDV strains, shared a monophyletic branch with the Pakistani isolate (KY076038.2 Avian avulavirus 1 isolate chicken/Pakistan/BhaiPhairu/6A/1007/2015), and subsequently classified as genotype VII. These groups of viruses belong to the class II, genetically diverse, and suggested to have emerged from the Far East before spreading to other parts of the world [1, 23] . Molecular pathotyping has been recognised as more rapid and reliable technique for NDV pathotyping as compared to MDT and ICPI tests [24, 25] . Hence, in this study, the method was applied to the NDV strains based on their amino-acid sequences of the fusion protein proteolytic cleavage site motifs (residues 112-117). Accordingly, the cleavage site motif 112 RRQKRF 117 known as a characteristic for vNDV was shared by all the studied strains. Similar result was obtained following the molecular pathotyping of NDV strains recently isolated from broilers in Egypt [25] . Presently, the genotype VII viruses are grouped into nine various sub-genotypes (VIIa-VIIi), reoccurring in the Middle East and Asia [1] . All of them are predicted to be virulent according to deduced amino acid motifs [1, 21] . Furthermore, the calculated mean intra-genotype genetic diversity using the mean genetic distance/site was < 3% at the recommended bootstrap values (< 60). This method was described by Diel et al. [22] as the required cut-off in assigning a new sub-genotype. Based on the latter criteria, all the studied isolates were classified as member of the sub-genotype VIIi.
Recent studies have shown that the lately identified viruses (subgenotype VIIi) are circulating between the Middle East and Southeast Asia, with potential of fast spread to Eastern Europe and North Africa [1, 26] . Dimitrov et al. [1] also suggested that the sub-genotype VIIi to have emerged recently, with their primary isolation from chickens in Pakistan, Israel and Indonesia. In this study, the isolates were obtained from vaccinated commercial farms, which is consistent with the findings obtained in Pakistan [26] . Also, pheasants in the latter country during the 2011-2012, recorded high case fatality rates as well as economic losses in susceptible birds following vNDV infection caused by the same sub-genotype VIIi [27, 28] . These findings suggest panzootic potential of the viruses based on the previous reports in vaccinated birds and their recent emergence and downward spread from Indonesia to Pakistan [21] , and now to Oman.
ND is regarded as an enzootic disease in Oman [16, 17] . The findings herein with reports of vNDV presence in vaccinated birds could imply increasing replication of the virus, thus precipitating high environmental viral load. Such event is enhanced by the constant evolution of the viruses [29] . Unvaccinated birds, especially the backyard chickens are predisposed to high mortalities following the infection by these vNDV [21] . In Oman, backyard poultry remains a significant practice and lack of vaccination was found as a risk factor for the high seroprevalence to NDV antibodies [17] . Such event might contribute to the continuous circulation of the virus between backyard and commercial flocks. For instance, backyard flocks or non-poultry birds are often found surrounding large commercial farms lacking adequate biosecurity [1] . In Pakistan, non-poultry birds in close proximity to poultry birds were found to play an important role in the circulation of NDV in the country [14] . However, such event need to be equally investigated in Oman based on the similarity between the isolated viruses.
In Oman, there is widespread use of vaccine strains including Lasota, B1 and F for the prevention and control of ND infection. Nevertheless, this study showed that virulent strains of NDV are still present in vaccinated flocks. Existing vaccines have shown the potential of reducing virus replication [5] . The fact that backyard flocks in the country are rarely vaccinated [30] means that NDV remains a strong threat to the poultry industry. These practices especially issues with biosecurity could be vital for the genetic similarity between the NDV isolates identified in Oman in the present study, with those of Pakistan. Molia and coworkers explained that effective quarantine and disease reporting system are essential in the prevention of ND [31] . Hence, the results from this study indicate the need for proper monitoring and surveillance for economically important transboundary diseases like ND in Oman.
Conclusions
The current study is the first attempt to isolate and characterize the NDV field strains in chickens from the Sultanate of Oman. Results herein showed that the circulating NDV in Oman is the virulent NDV and it is responsible for the outbreaks recorded in the sampled commercial flocks. Also, phylogenetic analysis showed that the virus is similar to the Pakistan isolate. These findings call for optimum transboundary monitoring and surveillance for proper control of the disease. This study provides the basis for further research on the analysis and phenotyping of NDV in the country. Continuous surveillance of the disease is important to advance our understanding of ND epizootiology in chickens in Oman.
